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ABSTRACT 



Context. The relation between tidal interactions, starbursts, and the onset and/or fueling of active galactic nuclei (AGN) is a matter 
of debate. I Zw 1 is considered as the prototypical narrow-line Seyfert 1 galaxy (NLSl) and as one of the closest quasi-stellar objects 
(QSOs). With a clear spiral host and a small companion galaxy to the west, I Zw 1 is a possible example of minor-merger-related 
nuclear activity. 

Aims. This study investigates possible signs of a relation between merger process, star formation activity, and AGN properties in the 
case of I Zw 1 . 

Methods. The morphology of I Zw 1 and nearby sources is investigated via high-resolution NIR images. Color trends in the host 
galaxy of I Zw 1 are discussed by means of optical-to-NIR color composites. Long-slit spectra of the QSO nucleus of I Zw 1 and of 
the two nearby sources to the north and the west of the I Zw 1 disk are analyzed. 

Results. The data support the scenario of a tidal interaction between I Zw 1 and the small companion galaxy to the west. A concentra- 
tion of blue color in the western part of the I Zw 1 host galaxy might be the manifestation of merger-induced star formation activity. 
Previous findings that the likely companion has an old evolved stellar population are substantiated by the new data. An extension 
to the west of the putative companion emerges as a separate source. The source to the north of the I Zw 1 disk is reconfirmed as a 
late-type foreground star Lines in the nuclear A'-band spectrum of I Zw 1 are discussed in comparison to data prior to this article and 
line fluxes are reported. 

Key words. (Galaxies:) quasars: individual: I Zw 1 - Galaxies: Seyfert - Galaxies: interactions - Methods: observational 



1. Introduction 

It is widely accepted that nuclear activity in galaxies is caused 
by mass accre tion onto a supermassive black hole (see e.g. re- 
view bv iUrrvll2004 ). Furthermore, it is known that AGN are of- 
ten co nnected to star formation activity (e.g. iKauffmann et alj 
l2003h . However, the importance of tidal interactions for the on- 
set and/or fueling of AGN and starbursts is still unclear (e.g. 
iDunlop et al. 2003; Grogin et al. 2005; Koulouridis et al. 2006). 

Regarding the comparable bolometric lumin osities and lo- 
cal sp ace densities of ULIRGs and local QSOs, I Sanders et alj 
( Il988l) proposed an evolutionary link between the two classes of 
objects. In this scenario, galaxy mergers are assumed to cause 
the gas inflow which triggers an intense starburst and a dust- 
enshrouded AGN. At this stage, the object would appear as 
ULIRG. When winds and feedback blow away the dust from the 
central region, the object goes through an optically bright QSO- 
phase. Such an evolutionary scenario is supported by recent 
numerical simulati ons which include supermassive black holes 
and feedback (e.g. iDi Matteo et alj 120051; iHopkins et alJl2005L 
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* Based on observations collected at the Very Large Telescope (UTl) 
of the European Southern Observatory, Paranal (Chile), under ser- 
vice mode project 67.B-0009. Complementary data are based on ob- 
servations made with the 3.6m telescope of the European Southern 
Observatory, La Silla (Chile), and with the NASA/ESA Hubble Space 
Telescope, obtained from the ESO/ST-ECF Science Archive Facility 
(joint collaboration of the European Southern Observatory and the 
Space Telescope - European Coordinating Facility) 



I2006h . Observations show that virtually all ULIRGs are found in 
major merger systems (e.g. Bushouse et al. 2002; Veilleux et aD 
l2002h . But on the side of QSOs, the importance of mergers is 
far less conclusive. In fact, there is increasing evidence that the 
results might depend on the selection of the QSO sample. A 
comparison of ULIRG s with QSOs from the radio-loud/radio- 
quiet sample by Dunl op et al.l (l2003b . which are mainly located 
in massive elliptical host galaxies, shows that bot h populations 
occupy different parts of the fundamental plane dTacconi et al.l 
i2002). Palomar Green QSOs, instead, are disc ussed as pu- 
tative candidates for a pos t-ULIRG stage (e.g. Surac e et aP 
l2001l;lHaas et al.ll2003l; iDasvra et al. 2007). An exception, how- 
ever, is the prominent fraction of Palomar Green QSOs with 
clear spiral host galaxies. According to today's consensus from 
numerical simulations, major mergers in the local Universe 
typically result in elliptical merger remnants (e.g. Hernquisy 
1992: Naab & Burkeit.2003clGonzalez-Garcia& Balcells.2005F 
iNaab & Trujillol2006h . Spiral hosts are very unUkely to have un- 
dergone a recent major merger. 

Nuclear activity in spiral host galaxies might instead be 
related to minor mergers with low-mass companion galaxies. 
Numerical simulations show that minor mergers can cause large 
amplitude spirals aiid radi al gas inflow in the p r imary galaxy 
jHernquist & MihosI 1 19951) . iHernquist & MihosI (Il995h report 
that this gas could be available for the fueling of a nuclear 
starburst and AGN activity but that the gas inflow rates dur- 
ing the early stages of the merger are low. Consequently, cen- 
tral activity might only be induced in the late stages of the 
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Fig. 1. HST image of I Zw 1 based on observations with the 
WFPC2 camera in the F814W filter, obtained from the ESO/ST- 
ECF Science Archive Facility. For this plot, the image has been 
partially cleaned from cosmic rays and processed with an un- 
sharp masking technique. 



merger, i.e. when the satellite galaxy has reached the central 
few kiloparsecs of the primary galaxy. The different observa- 
tional studies about a possible excess of companions around 
Seyfert galaxies yield extremely contradictory r esults (e.g . 
Daharil Il984t iRafanelh et all [1991 iLauri kainen & Saiol [1991 



de Robertis et al.ll998l:lDultzin-Hacvan et aljl999i) . Rather than 



triggering nuclear activity, minor mergers may instead increase 
the l uminosity of a pre-existing AGN to QSO-levels CCorbinI 
I200Q) . Several observables of low-luminosity Seyfert galaxies 
can also be reprodu ced by numerical simulatio ns of a merger- 
independent model (Hopki ns & Hernquistll2006 V In this model, 
the fueling process is based on the stochastic accretion of cold 
gas. 

In view of the above controversies, I Zw 1 is an interest- 
ing example for a detailed observational case study. I Zw 1 
is classified as a NLSl as well as an infrared-excess Palomar 
Green QSO and a possible candidate for an ongoing m inor 
merger With Mb = -22.62 dCanalizo & Stockton! [200i1) . the 
nuclear blue magnitude of I Zw 1 just meets the QSO criterion 
Mb < -22.1 (Schmidt & Green 198313. At a redshift of only 
z - 0.0611 (iCondon et al.. 1985), I Zw 1 is therefore consid- 
ered as one of the closest QSOs. As illustrated by the Hubble 
Space Telescope (HST) image in Fig.[T] the spiral host galaxy of 
I Zw 1 is clearly visible. The host of I Zw 1 shows direct obser- 
vational evidence for young stell ar populations and ongoin g nu- 
clear star formation activity (e.g . Hutchings & Crampton 19901 
Eckart et al.lll994l: ISchinnerer et aL.1998: Canalizo & StocktonI 



nuclear molecular ring in '^CO(l-O), (ISchinnerer et al.l [19981 : 
Staguhn et al.ll2004l) . Furthermore, I Zw 1 shows indications for 
an ongoing minor merger with the companion galaxy marked 
as "western source" in Fig. [T] This source is found with a ve- 
locity shift of only (170 + 110) km s"' with respect to the sys- 
temic velocity of I Zw 1 a nd with stellar absorption fe atures of 
an old stellar population (ICanalizo & StocktonI 1200 ll) . An on- 
going merger with the "western source" is sugge sted by an ex- 
tended tidal-tail structure in H i dLim & Holl 19991) and by a pos- 
sible small-scale tidal bridge betwe en the companion and th e 
north-western spiral arm of I Zw 1 jScharwachter et al1l2003h . 
The bright knot to the north of the disk ("northern source" 
i n Fig, [p is r eported to be a projected foreground star (e.g . 
Sargentni970l: IStocktonI Il982t iHutchings & Crampton! !l990l) . 
As a Seyfert galaxy, I Zw 1 represents the prototypical NLS 1 
( Osterbrock & Pogg3!l985!) with narrow permitted lines, weak 
[O III] emission, strong [Fe ii] emi ssion, a steep soft X-ra 
t rum, and with X-r ay \ 
Oke & Lauerl! 19791: [Hu tchings & Crampton 



I [re iij emi ssion, a steep sort A-ray spec- 
yariability ("S argent !! 19681 !Phillipsl!l976!; 



1996t !Veron-Cettv et al.i,2004j: ,Gallo et all 




iBoller et al.! 
The optical 

spectrum of I Zw 1 reveals a complex mixture of four differ- 
ent line systems, including a high-excitation narrow-line sys- 
tem ([Om], [Nem], [Nii], [Fevii], and [S ii l) with FWHM ~ 
1900 km s ' and blueshifted by 1450 km s ' Iveron-Cettv et al.! 
2004). Similarly high blueshifts of about 1350 km s"' are ex- 
hibited by the NIR coronal lines of [Sivi] A - 19 634 A and 
[Alix] A - 20 400 A and might be manifestations of AGN- 
driven outflows (S chinnerer et al.!ri998!) . 

An observational case study of I Zw 1 with focus on the im- 
plications of a possible merger-induced star formation and AGN 
activity is presented in this paper The data set is based on NIR 
imaging and spectroscopy made with ISAAC at the Very Large 
Telescope (VLT) of the European Southern Observatory (ESO) 
on CeiTO Paranal (Chile) and on complementary optical imag- 
ing made with EFOSC2 at the 3.6m telescope of ESO on La 
Silla (Chile). The observations and the reduction methods are 
described in Sect. [2] In Sect. [TT] the ISAAC images of I Zw 1 
are discussed with a focus on morphology. Color images of the 
I Zw 1 host are presented in Sect. 13.2! The nuclear spectrum 
of I Zw 1 as well as the spectra of the northern and the west- 
ern source are analyzed in Sect. 13.3! The results are discussed in 
Sect, m and summaiized in Sect. [5] 



2. Observations and Data Reduction 

The NIR program for I Zw 1 comprises imaging in the J-, H, and 
A's-bands and long-slit spectroscopy in the H- and /T-bands. It 
was carried out with ISAAC at the VLT from July to September 
200 1[3. The observations relevant for this paper are listed in 
Table [T] The NIR observations are complemented with standard 
stars used for the photometric calibration and/or the telluric cor- 
rection. The optical EFOSC2 images, available in the ESO/ST- 
ECF Science Archive Facility, are based on observations taken 
in September 2005. 



20011: [Scharwachter etal.!!2003h . The nuclear starburst can be 2.7. Imaging 



modeled by a 4.5 x 10^ yrs-old decaying starburst with a decay 
time of 5 X lO*" yrs and an upper mass cut-off of > 90 Mg, which 
up to now would have produced 1 .9 x 10'" Me (ISchinnerer et alj 
!l998l) . This nuclear starburst might be associated with a circum- 



The red uction of the ISA AC images is based on the THELI 
pipeline (!Erben et al.!!2005h and cross-checked with independent 



Assuming Hq = 75 km s ' Mpc ' and qo = 0.5. 



^ The 7-band ima ges alone have been used previously for a bulge- 
disk-decomposition fecharwachter et aL!l2003l) . 
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Table 1. Summary of the NIR observations of I Zw 1 discussed in this paper. Column 1: Observation mode. Column 2: Target 
(position angle of the long-slit in the case of the spectroscopic data), Column 3: Filter name and central wavelength [yum]. Column 
4: Date of observations. Column 5: Detector integration time (DIT), Column 6: Number of exposures pre-averaged on the chip 
(NDIT), Column 7: Number of exposures stored (NEXP), Column 8: Conditions of air mass during the observations. 



Mode 


Target 




Piltcr 


Date 


DIT [s] 


NDIT 


NEXP 


Air Msss 


Broad Band 


IZw 1 




J, 1.250 


2001-08-19 


6.000 


10 


5 


1.263-1.268 


Imaging 


GSPC S234 - 


E 


y, 1.250 


2001-08-19 


3.550 


3 


5 


1.335-1.345 




GSPC S234 - 


E 


y, 1.250 


2001-08-19 


3.550 


3 


5 


1.394-1.405 




IZw 1 




H, 1.650 


2001-08-19 


6.000 


10 


5 


1.258-1.260 




GSPC S234 - 


E 


H, 1.650 


2001-08-19 


3.550 


3 


5 


1.346-1.356 




GSPC S234 - 


E 


H, 1.650 


2001-08-19 


3.550 


3 


5 


1.406-1.418 




IZw 1 




Ks, 2.160 


2001-08-19 


3.545 


20 


5 


1.258-1.257 




GSPC S234 - 


Ti: 
Ji 










C 

J 


1 ^^7 1 ^AC 




GSPC S234 - 


E 


Ks, 2.160 


2001-08-19 


3.550 


3 


5 


1.419-1.432 


Low Resolution I Zw 1 (0°) 




SK, 2.200 


2001-07-02 


60.000 


1 


30 


1.34-1.28 


Spectroscopy 


HD 166224 




SK, 2.200 


2001-07-02 


5.000 


6 


2 


1.44 




HD 166224 




SK, 2.200 


2001-07-02 


5.000 


6 


2 


1.16 




SAO 92129 




5^:, 2.200 


2001-07-02 


40.000 


1 


8 


1.23 




I Zw 1 (43°) 




SK, 2.200 


2001-09-22 


60.000 


1 


30 


1.33-1.27 




SAO 92128 




SK, 2.200 


2001-09-22 


3.550 


5 


8 


1.40-1.38 




SAO 92129 




SK, 2.200 


2001-09-22 


10.000 


4 


8 


1.24-1.23 




I Zw 1 (43°) 




SH, 1.650 


2001-09-22 


70.000 


1 


24 


1.25-1.27 




SAO 92128 




SH, 1.650 


2001-09-22 


3.550 


5 


8 


1.29-1.30 




SAO 92129 




SH, 1.650 


2001-09-22 


40.000 


1 


8 


1.23-1.22 



reductions using and the DPUSER software for astro- 

nomical image analysifl Only the first four frames in each filter 
contain the object at different positions on the array and are used 
for the reduction. The fifth frame, which is a pure sky image, 
is omitted. Before the final co-addition of all images, the THELI 
reduction includes (i) flat-fielding, (ii) the subtraction of a super- 
flat, (iii) a correction for the remaining reset anomaly of the ar- 
ray via subtracting the profile of the image collapsed along the 
X-axis, (iv) a bad-pixel identification via weightings of the flat 
and the individual science frames, and (v) sky-subtraction based 
on sky models derived from the background in each individ- 
ual science frame after a suitable object masking. The Gaussian 
FWHM of the point spread functions in the reduced images yield 
angular resolutions of about 0'.'65, 0'.'62, and 0'.'46 for J, H, and 
Ks, respectively. 

The night of the imaging observations was classified as pho- 
tometric at the beginning. The extinction RMS, however, became 
more variable toward the second half of the night when the pro- 
gram for I Zw 1 was executed. GSPC S234-E fro m the catalog 
of faint NIR LCO/Palomar NICMOS standards jPersson et all 
11998 ) was observed twice during the night. Both observation se- 
quences for this standard were taken directly one after the other 
more than one hour before the I Zw 1 observations. This makes it 
impossible to crosscheck the stability of the zero-points. Instead, 
magnitudes from the 2MASS All-Sky Point Source Catalog 
(IPAC Infrared Science Archive (IRSA), Caltech/JPLfl which 
are available for a few sources in the ISAAC field-of-view, are 
used for an alternative cross-check. The zero-points measured 
in the individual sky-subtracted standard star images one step 
before co-addition are ZP(y) = 25.11, ZP{H) = 24.75, and 



' Image Reduction and Analysis Facility written at the National 
Optical Astronomy Observatories (NOAO) in Tucson, Arizona 

'* So ftware package written by Dr. T. Ott, see also lEckart & Duhoud 
( Il990h 

^ http://irsa.ipac.caltech.edu 



ZP(Ks) - 24.24. These zero-points are corrected for extinc- 
tion using 0.11 mag (air mass)"', 0.06 mag (air mass)"', and 
0.07 mag (air mass)"' in J, H, and Ks, respectively, as given on 
the ISAAC web pages. 

The optical EFOSC2 images are reduced via standard reduc- 
tion steps. The calibration in magnitudes is based on the zero- 
points logged on the EFOSC2 web pages. Since the calibration 
is not completely reliable, the EFOSC2 images are not used for 
absolute photometry. 

The QSO nucleus is saturated in the ISAAC H- and /Ti-band 
images as well as in the EFOSC2 images. The nucleus and the 
central bulge region of the QSO host are, therefore, excluded 
from the analysis of the imaging data. 

2.2. Spectroscopy 

The spectroscopic data on I Zw 1 were obtained in the H- and the 
/T-bands in low-resolution mode (Rs w 600 for H and Rs x 500 
for K), using a l"-wide long-slit for settings at position angles 
of PA = 0° and PA = +43° (Fig.^. The setting at PA = -h43° 
is observed in the H- and /iT-band, the setting at PA = 0° is only 
observed in K. The /T-band observations done with the ISAAC 
SK filter cover a wavelength range of about 7000 A (18 000 A 
- 25 000 A) and give a dispersion of 7.2 A/pix. The FWHM of 
the arc lines is similar to 42 A which corresponds to 580 km s"' . 
The wavelength range and dispersion of the //-band observations 
done with the ISAAC SH filter are about 4200 A (14000 A - 
18 200 A) and 4.8 A/pix, respectively, which results in a FWHM 
of the arc lines of about 27 A or 500 km s"' . 

The spectroscopic observations are observed with a nod-on- 
the-slit technique. The reduction of the two-dimensional raw 
spectra is done using the ISAAC pipeline recipes and cross- 
checked with a reduction based on IRAF tasks. The pipeline re- 
duction includes (i) reducing the spectroscopic flat field by com- 
puting the normalized difference between frames with lamp on 
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Fig. 2. ISAAC 7-band image of I Zw 1 overlaid with the two sHt 
settings used for the ISAAC long-sUt spectroscopy. The slit for 
PA = 0° includes the QSO of I Zw 1 and the northern source, 
the slit for PA = 43° includes the northern source and the likely 
western companion. 



and lamp off, (ii) deriving the slit curvature and wavelength cali- 
bration from arc lamp exposures, (iii) tracing the spectral tilt for 
different positions along the slit by using exposures of a bright 
star shifted along the slit, and (iv) the recipe for the final reduc- 
tion of the science and standard star frames. By this recipe, the 
frames are flat-fielded and subsets of the observation sequence 
taken at the same position are identified. The frames of each sub- 
set are averaged. These averages are subtracted from each other 
in both directions so that each difference also has its negative. 
After the correction for slit curvature and spectral tilt and af- 
ter wavelength calibration, the subtracted frames are shifted and 
combined. From the comparison of the wavelength solutions of 
both reductions using the argon and xenon arc frames and from 
comparison with the OH lines, the maximum error in wavelength 
is estimated to be 0.1%. This accuracy is sufficient for the pur- 
pose of this paper 

The contributions of telluric lines and the characteristics of 
the filter curve present in the object spectra are removed by 
dividing by a suitable telluric spectrum. The telluric standard 
stars are reduced exactly like the object spectra. Since all stan- 
dards are G2V or AOV types, they contain absorption features 
which are imprinted as emission artifacts on the object spectrum 
after telluric correction. Most prominent are the higher-series 
Brackett features in the //-band and the Bry feature in the K- 
band. In the case of the nuclear spectrum of I Zw 1, three stan- 
dard star observations are available (see Table [T]l: HD 166224 

- a G2V type star with /T-band magnitude 7.881 (SIMBAD) 

- observed at two different air masses during the night, and 
SAO 92129 - a AOV type star with /T-band magnitude 9.983 
(SIMBAD) - observed once during the night. The average spec- 
trum of the two observations of the G2V star HD 166224 bet- 
ter matches the air mass conditions of the object observation 
and allows a cleaner removal of telluric features (top spectrum 
in Fig. IT). However, compared to the hydrogen absorptions in 
the AOV spectrum, the G2V spectrum is characterized by many 
more absorption features which cause artificial emission lines in 
the corrected object spectrum. For comparison, both, the spec- 
trum resulting from the telluric correction and calibration with 
the average spectrum of the two HD 166224 observations and 
the spectrum resulting from the SAO 92129 calibration, are pre- 
sented. In the case of the H- and /T-band spectra for PA = H-43° 
(i.e. the spectra of the northern and western source), the spectra 
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Fig. 3. ISAAC J-, H-, and Ks-hand images of I Zw 1 as well 
as an average image of all bands. The latter is computed from 
the images of all three bands after they have been smoothed to a 
similar angular resolution, adjusted to a zero background offset, 
and calibrated in fluxes. All images are shown in inverse colors 
and with an arbitrary scaling which pronounces the respective 
features best. 

of the two available AOV standard star observations are aver- 
aged before telluric correction. Since the telluric standard stars 
frame the object observation in air mass, this average provides 
a fair approximation of the air mass conditions during the ob- 
ject observations. The resulting object spectrum is compared to 
a spectrum in which the series of Brackett lines is deblended by 
a Gaussian fit to the telluric spectrum before telluric division. In 
order to enhance the signal-to-noise ratio (S/N) of the spectrum 
of the northern source, the spectra obtained from the PA = -1-43° 
and the PA = 0° setting are averaged after coiTection with the 
AOV standard stars. Artificial emission lines are clearly marked 
in the resulting spectra. All spectra are extracted in spatial aper- 
tures of 3" in diameter Absolute flux calibration is done by mul- 
tiplying the telluric-corrected object spectra with the black body 
curves of the telluric standard stars, modeled via the IRAF task 
STANDARD. 

3. Results 

3.1. Near-Infrared Imaging 

The images of I Zw 1 in J, H, and Ks as well as an image com- 
puted from the average of all three bands are shown in Fig.|3] The 
images provide further evidence of a possible tidal bridge toward 
the elongated western^companion, as al ready indicated by the J- 
band image alone (iScharwachter et al.ll2003l) . The image in Ks 
and the averaged image suggest that the feature to the south-west 
of the companion resolves into a separate source. This feature 
was previously interpreted as a kind of tidal tail at the far end of 
the companion ( Scharwachter et al. 2003). The separate source 
is also resolved in the HST image (Fig. The nature of this 
source remains unclear. While it might be associated with the 
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Fig. 4. Cut along the spatial axis of the two-dimensional /T-band 
spectrum obtained for the PA = +43° setting (see Fig. |2]l. The 
cut consists of an average over almost all the spatial lines of the 
image. 



likely companion, it could also be a background or foreground 
object. The object displays a red color in the JHKs color com- 
posite in Fig. |5] (see Sect. 13.2b . The object is also visible in the 
spatial cut of the ISAAC spectra belonging to the PA - +43° 
slit setting and is most pronounced in the K-bwd. Fig. |4] shows 
the average of almost all spatial lines of the two-dimensional K- 
band spectrum. However, the S/N of this separate source is too 
low for a spectroscopic analysis. 

3.2. Colors 

The optical-to-NIR colors of the I Zw 1 host suggest a concen- 
tration of blue stellar populations in the western part of the host 
galaxy and indicate red colors of the sources to the north and 
west of the I Zw 1 disk. 

The color information is presented in Figs|5]and|6]in the form 
of RGB three-color composites and color projections, respec- 
tively. The three-color images in Fig. |5] are co mposed of flux- 
calibr ated images using SAOImage DS9 (see iJove & Mandell 
l2003h . For each composite, the color distribution of the red, 
green, and blue input images is uniformly set to a linear scale 
with upper and lower limits of 95% about the mean of the pixel 
distribution. Furthermore, all three images are set to the same 
bias and contrast values. The BVR and BVJ images are shown 
at the EFOSC2 pixel scale of (X^ 14 per pixel and the Z?-band an- 
gular resolution of about 1". The /-band image is rebinned and 
smoothed accordingly. The JHKs image is shown at the ISAAC 
pixel scale of Uf 1484 per pixel and the /-band angular resolution 
of 0'.'65. A grey-scale representation of the B - J image together 
with a rough scan of B - J projections across the I Zw 1 host 
galaxy is presented in Fig. |6] In this Figure, all pixels with val- 
ues lower than 5cr of the sky standard deviation in the B-band 
image are neglected. As the scans are intended to mainly high- 
light east-west color trends, each measurement is averaged over 
ten pixels in north-south direction. By this method, north-south 
structures are traced well, while north-south gradients close to 
the central region are diluted. 

The concentration of blue color in the western part of the 
I Zw 1 host galaxy is most obvious in the BVJ composite but is 
also noticeable in BVR (Fig.|5]). In particular, the putative tidal 
bridge between the north-western spiral arm and the compan- 



BVJ 



.IIlKs • 



Fig. 5. Optical-to-NIR color composites of I Zw 1 . The order of 
the filters in the labels represents the order of the blue, green, 
and red channels. The BVR and BVJ images are shown at the 
EFOSC2 pixel scale of (y.'3l4 per pixel and an the B-band an- 
gular resolution of about 1". The JHKs image is shown at the 
ISAAC pixel scale of 0'.'1484 per pixel and an angular resolu- 
tion of 0'.'65. See text for more details. (The color version of this 
figure is available in the electronic edition.) 



ion galaxy (see Sect. 13. Il l is characterized by blue color. The 
blue color asymmetry between the eastern and the western part 
of the I Zw 1 host galaxy has not explicitly been noted before. 
Retrospectively, the effect seems weakly visible in the B- and I- 
band composite presented by Surace et al. (2001, Fig. 2 therein). 
The much weaker evidence for the color asymmetry in this BI 
composite compared to Fig.|5]is probably due to the fact that the 
BI composite is based on a linear interpolation from the B- and I- 
band data and plotted with less contrast on the spiral arm region. 
A quantitative analysis of the blue color asymmetry in the I Zw 1 
host is presented in Fig.|6l The projections in the right panel of 
this Figure show that there is only one prominent blue region in 
the eastern part of the host galaxy, i.e. the blue knot seen in pro- 
jection (2). On the contrary, the western part of the host galaxy 
is characterized by similarly blue regions in all of the six projec- 
tions. The blue color suggests an enhanced level of star forma- 
tion activity. Enhanced star formation activity in this particular 
part of the I Zw 1 host close to the putative companion galaxy 
might be causally connected to the supposed minor merger pro- 
cess. It is likely that the star formation is directly induced by the 
tidal interaction with the western companion galaxy. Enhanced 
star formation activity in the north-western spiral arm has been 
discussed in previous publications. Canalizo & Stockton (200l|) 
conclude that the emission lines in the spectrum of the north- 
western spiral arm are typical of H ii regions and indicative of 
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Fig. 6. Relative color trends in B - J for a scan across the host galaxy of I Zw 1 . The left panel shows in grey-scale the B - J image 
with lighter grey indicating bluer colors. The image is shown at the EFOSC2 pixel scale of (y.'3l4 per pixel and angular resolution 
of 1". It is overlaid by white contours from the B-band image. The lowest contour shows the 5cr level of the standard deviation 
of the sky in the B-band image which is used as a lower limit for pixel rejection (rejected pixels shown in black). For each of the 
cuts indicated (white boxes) an east-west projection of the mean B - J color is plotted in the graph on the right. The color trends 
are averaged over ten pixels (i.e. about 3'.'1) in north-south direction (width of the white boxes). The central region of I Zw 1, i.e. 
approximately the region inside the highest contour level in the left panel, is marked by dashed lines in projections (2), (3), and (4). 
This region is affected by artefacts from image registration and QSO saturation and not reliable for studying color trends. See text 
for more details. 



ongoing star formation. Similarly, ISchinnerer et alj (Il998[) find 
star formation activity in the north-western spiral arm by popu- 
lation synthesis for a region about 9" west and 5" north of the 
nucleus of I Zw 1 . They also report this region to be associated 
with a significant amount of molecular gas. 

In the NIR JHKs composite, the I Zw 1 host shows a uni- 
form color. As a NIR composite, this color image mainly traces 
the old stellar population underlying throughout the host galaxy. 
The analysis of the colors of the QSO nucleus and the central re- 
gion of the I Zw 1 host is beyond the scope of the data discussed 
here, as saturation of the QSO nucleus affects the EFOSC2 im- 
ages and the ISAAC H- and Ks-bwd images. Nevertheless, the 
outskirts of the bulge show indications for a red color in the color 
images (Fig.|5]l and in the B - J projections across the nucleus 
(Fig. |6ll. Such a red color might be an indication of an older 
stellar p opulation. Howeve r, the putative circum-nuclear star- 
burst (S chinnerer et al.P l998) an d the low m ean /-band mass-to- 
light ratio of the bulge (Scharwachter et alj.2003) rather suggest 
a young stellar population. Alternatively, the reddening could 
be caused by an increased amount of dust extinction. Dust is 
suggested by the HST image in Fig. [1] which shows some dust 
patches in the stellar bulge. Correspondingly, previous NIR stud- 
ies of I Zw 1 suggest a visual extinction of about 10 mag for 
the stellar component in the central regio n of the host galaxy 
dEckart et al.lll994t ISchinnerer et al.lll998h . Finally, as a conse- 
quence of the low angular resolution, the red colors might still 
be dominated by emission from the nucleus. The nuclear colors 
of I Zw 1 as seen in the bands B, I, H, an d K' have pre viousl y 
been reported to show a NI R excess jSurac e & Sanders I1999I) . 
According to Figs 6 and 7 in lSurace & SandersI 0199 9), this ex- 
cess can mostly be explained by a hot dust component combined 
with a QSO spectral energy distribution. Higher angular resolu- 
tion via adaptive optics or interferometric observations will be 



needed for a more precise study of color gradients close to the 
center of I Zw 1 . 

The northern source and the western source are relatively red 
objects in each of the color composites in Fig.|5](see also Fig.|6] 
in projection (2) for the western source). The red color of the 
likely northern foreground star agrees with the late stellar type 
discussed in Sect. 13.31 The red color of the western companion 
supports the scenario of a predominantly old and evolved stellar 
population (see Sect. 13.3b . The separate object to the south-west 
of the likely western companion (see Sect. 13.11 ) appears as a red 
object in the JHKs composite. 

3.3. Near-Infrared Spectra 

The nuclear spectrum of I Zw 1 is plotted in Fig. |2l Since the 
night was not completely photometric, the absolute flux calibra- 
tion implies uncertainties. The independent calibrations with the 
two standard stars observed during the same night yield a differ- 
ence in flux density of about 20% (Fig.|2ll. However, within this 
uncertainty, the mean flux density of the flux -calibrated nuclear 
spectrum is 2.9 x 10"'^ erg s"' cm"^ A"' or 0.049 Jy and cor- 
responds to a 2MASS Ks magnitud^ of 10.4 mag. This agrees 
with the cataloged 2MASS Ks magnitude of I Zw 1 of 10.35 mag 
(2MASS Afl-Sky Point-Source Catalog). Previous K-hmd spec- 
tra of I Zw 1, measured within similar extraction apertures, are 
reported to be flux-calibrated by using aperture magni tudes from 
the literature (ISchinnerer et al.l 119981: Isosa-Britoe t al. 200 ij). 
The absolute flux of these spectra is larger than the ISAAC flux 
by about a factor of 1.5. This corresponds to a magnitude differ- 
ence of about 0.4. A similar magnitude difference is found in the 
ISAAC imaging data. The nuclear 7-band magnitude of I Zw 1, 



* A A'-band flux zero-point of 666.8 Jy is adopted ( iCohen et al.l 
2003,) . 
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Table 2. Measured fluxes of the lines identified in the nuclear /T-band spectrum of I Zw 1 (upper spectrum in Fig. |7]). Values in 
brackets are uncertain measurements only listed for completeness. Column 1: Line and rest wavelength. Column 2: Comment about 
the component of the line. Column 3: Gaussia n FWHM, Column 4: O bserved wavelength. Column 5; Flux measured from the 
ISAAC spectrum. Column 6: Flux published bv lSchinnerer et al] (Il998l) . 



Line 


Component FWHM" 


^obs 


Flux'' 


Flux (Schinnerer et al. 1998) 






[km s-'] 


[A] [10-' 


^ erg s"' 


cm"^] [10"'^ erg s"' cm"^] 


Permitted lines witli narrow and broad components 






Pa 0-^18756 


narrow 


920 




86 






broad 


3110 




107 






total 




19 895 


193 


284 ± 12 


Br (5^19451 


(mirrow 


920 




11) 






(broad 


3110 




7) 






total 




20 639 


18 


3.7 ± 1.8 


Br7/I21661 


{narrow 


920 




11) 






{broad 


3110 




6) 






total 




22 971 


17 


26 ±8 


Narrow forbidden lines with blueshift 








[Si VI] ^19 634 


blue 


920 


20 732 


7 


3.5 ± 1.8 


{+H2 S{3) A19 576 systemic 




~ 20 769) 






[Alix] ^20400 


blue 




not detected 




3.2 ±3.2 


(+H2S{2)A20338 systemic 




~ 21 578) 







" The spectral resolution is 650 km s ' . 

'° The 1 a-error of the flux is 1 x 10^'^ erg s^' cm^^. 



as derived from the ISAAC image, agrees with the 2MASS 
measurement but is by about 0.3 to 0.4 mag fain ter than a J- 
band measurement taken about nine years earUer (lEckart et al.l 
I1994 . While the ISAAC data are saturated in H and Ks, flie 
corresponding measurements from 2MA SS show a s i milar off"- 
set with respect to the earlier data by .Eckart et al.l (|1994|) . If 
not a calibration off'set, this efifect mig ht be a manifestation of 
the NIR variability of I Zw 1 (see e.g. iNeugebauer et al. I ll989t 
[Neugebauer & Matthews 1999). 

The results from fitting the continuum and the lines in the 
nuclear ISAAC spectrum of I Zw 1 are shown in Table |2] The fit 
is done for the upper spectrum of Fig.|2]by means of the software 
SpecviewQ. The continuum is modeled using a power-law com- 
ponent h = /i„f('^/'^ief)°' with a = 0.183, /l,ef = 21 964 A, and 
/i„r - 3.094 X 10"'^ erg s"' cm"^ A"'. The hydrogen lines are 
modeled via the superposition of a broad and a narrow Gaussian 
component (lower panels in Fig.|7|. This two-component model 
is suggested by the shape of the highest S/N hydrogen line Pa a. 
Only the Pa a line is used to determine the FWHMs of both 
Gaussian components. For the fits of the low S/N lines Br (5 
and Bry, the FWHMs are taken as fixed parameters. Line cen- 
ters are determined by eye, and both Gaussian components of 
each line are constrained to the same center and fitted simul- 
taneously . Out of the two blueshifted high-excitation lines re- 
ported bv lSchinnerer et af] (1998), only [Si vi] is detected on the 
red wing of the Br 6 line and modeled with the narrow Gaussian 
component. [Si vi] is additionally blended with H2V - 1 -0 5 (3) 
at the systemic velocity of I Zw 1 . This contributes to the uncer- 
tainty of the flux measurement for [Si vi] reported in Table |2] 
As H2V - 1 - 5(1) at = 21 218 A seems to be below the 
detection limit in Fig. [T] and assuming that the line stren gth of 
H2 V ^ 1 - 5(3) is less or similar (iKawara et al.ll 19901) . the 



' Specview is a product of the Space Telescope Science Institute, 
which is operated by AURA for NASA. 



contribution of H2 v - 1 - 5 (3) to the [Si vi] flux is likely to 
be small. 

The split into two Gaussian components is less certain for 
the Brackett lines. The corresponding values are parenthesized 
in Table |2] The fluxes determined for the Pa a and Br y lines 
are by a factor o f about 1.5 lower than the fluxes reported by 
ISchinnerer et al.l ([1998). This is the same factor as found for the 
disagreement in continuum flux densities. The measured flux of 
the Br 6 line shows a differe nt behavior in comparison to the data 
bv ISchinnerer et al] (Il998l) . This measurement, however, is the 
most uncertain one because of the blending with [Si vi] and a 
possible small contribution from H2 S(3). Line ratios (see be- 
low) seem to indicate that the new measurement based on the 
ISAAC data is closer to reality. The RMS of the background flux 
density outside the obvious line emission from I Zw 1 and out- 
side the Bry artifact is estimated as 3 x 10"'^ erg s"' cm"^ A"'. 
This is a conservative compromise between the less noisy back- 
ground in the central part of the band and the increasing noise 
toward the band limits. As an effect of the stronger correction 
artifacts in the one case and the stronger telluric residuals in the 
other case, the G2V- and the AOV-corrected spectrum show a 
similar background RMS. Multiplied by the spectral resolution 
element the given flux density RMS corresponds to a 1 cr flux 
error of about 1 x 10"'^ erg s"' cm"^. 

The line centers measured for the three hydrogen lines re- 
sult in a redshift of z * 0.06. This a grees with the redsh ift re- 
ported for I Zw 1 in the literature (e.g. lCondon et al.lll985 ). The 
two FWHMs of the narrow and the broad Gaussian component 
are similar to the fit of the h ydrogen lines in th e op tical spec- 
trum of I Zw 1 reported by IVeron-Cettv et al] (l2004i) . These 
authors use a narrow Lorentzian component with an FWHM 
of 1100 km s ' and report the need for an additional broad 
Gaussian component with an FWHM of 5600 km s ' . The puta- 
tive line center of the [Si Vi] feature displays a blueshift of about 
1460 km s"' with respect to the velocity of the hydrogen line 
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Fig. 7. ISAAC A'-band spectrum of the nuclear region of I Zw 1 (upper panel) and results for the individual lines from fitting the 
HD 166224-corrected spectrum (lower panels). For a better identification of telluric correction artifacts, the full spectrum is shown 
as corrected and calibrated by (i) using the average of the two observations of the G2V star HD 166224 and (ii) using the observation 
of the AOV star SAO 92129. The spectrum is extracted in a 3"-wide aperture centered on the QSO nucleus and boxcar-smoothed 
to a resolution of about 47 A (~ 650 km s"'). Prominent lines and telluric-correction artifacts are marked at the respective observed 
wavelengths. [Si vi] and [Al ix] as well as the arrows visualizing the blueshift are marked according to the positions reported by 
ISchinnerer et al.l ( fT998) . 



system of I Zw 1 . ISchinnerer et al.l (11998') report a blueshift of 
1350 km s~' for the two h igh-excitation lines [Sivi] and [Al ix]. 
IVeron-Cettv et al.1 (|2004 speculate that the NIR high-excitation 
lines may originate from the two high-excitation narrow-line 
systems, Nl and N2, which they found by fitting the optical spec- 
trum of I Zw 1 . The lines belonging to these systems at optical 
wavelengths, i.e. [O iii], [Ne iii], and [N n] (plus [Fe vii] and [S ii] 
in the case of Nl), are relatively broad and blueshifted by up 
to 1450 km s ' in Nl. The existence of a blueshifted system of 
[Om] an d [Neiii] lines has also been r eporte d in previous pub - 
lications (lPhillipslll976l: lOke & Laue"3ll979i: iLaor et al.lll997h . 
Similar to other QSOs, the spectrum of I Zw 1 shows a trend 



o^increasing blueshift for lines of increasing ionization level 
(iLaoret al.. 1997) . 

The line ratios computed for the hydrogen lines of Table|2]in- 
dicate conditions similar to those in typical H ii regions, possibly 
affected by a certain amount of dust reddening. This is suggested 
by the fact that the ratios Pa (r/Br y ~ 11 and Pa a/Br d ~ \ \ are 
marginally lower than the theoretical values. Assuming case B 
recombination for a hydrog en plasma at a temperatur e of lO'* K 
and a density of 10"* cm"^^ ( Hummer & Storevlll987h . the theo- 
retical values result in Paor/Bry = 12.7 and Paor/Br^ = 18.34. 
These above line ratios are only computed for the total flux 
of each line because of the uncertainties implied in the two- 
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component model for the Brackett lines . For the ratio of Pa a to 
Br y in the nuclear spectrum of I Zw 1 , ISchinnerer et alj (Il998l) 
report a similar value of 11:1. Based on their flux measure- 
ments, however, the ratio of Pa a to Br 6 results in ~ 77. This 
is unusually high compared to the theoretically expected val- 
ues. Accordingly, the higher flux of Br 5 measured in the ISAAC 
spectrum might be more realistic. 

Although less conclusive in consequence of the low S/N, the 
H- and /T-band spectra of t he western companio i i (F ig.[8]l seem 
to support the findings by Canalizo & StocktonI (|2001) that the 
companion shows the spectral properties of an old stellar pop- 
ulation. The lines in Fig. [8] are marked at the redshift of z = 
0.0616 derived for the likely companion bv lCanalizo & StocktonI 
(1200 lb . Many of these lines match with absorption features in the 
spectra. In particular, the hydrogen lines are found in absorption 
rather than emission. This suggests a lack of star formation ac- 
tivity in the western companion. 

The H- and /T-band spectra obtained for the northern source 
suggest that the source is a cool star at zero redshift and 
most likely a K-type main-seq uence star. This reconfirms the 
scenario of a foreground sta r dSargentl [l970l: IStocktonI 119821: 
iHutchings & Cramptonlll990h . contrary to the alternative sce- 
nario of a progenitor nucleus of a galaxy intera cting with 
I Zw 1 or a tidal dwarf galaxy (iDavies et al.ll2005h . The late 
type of the star is suggested by Fig. |9] which demonstrates 
that the H- and /T-band spectra of the star agree with the 
te mplate spectra of local cool st ars ta ken from the library 
by iLancon & Rocca-VoImeran"g3 (Il992h . Besides the promi- 
nent agreement in Mg i absorptions, the spectrum of the north- 
ern source reflects the continuum shape of cool stars and, 
in particular, the depression shortward of 16 000 A. The lat- 
ter is attributed to a combined efifect of an opacity minimum 
of H ~ and water a bsorpti on in the atmospheres of cool stars 
dLancon & Rocca-Volmerangell992l) . 



4. Discussion 



4.1. Merger History of I Zw 1 

The consensus from numerical simulations is t hat major 



mergers typically result in elliptical remnants (e.g. | Hernauis"d 
T99alNa ab & Burkert<l 200"llGonzalez-Garcia & BalceUsll2005l: 
Naab & T ruiillo 2006). The clear spiral structure of I Zw 1 is, 
therefore, an argument against a recent major merger event. 
Instead, the evidence for a minor merger between I Z w 1 and the 
low-mass western companion galaxy is increasing (jLirn & Hoi 



119991: ICanahzo & StocktonI |200U IScharwachter et al.1 l2003l) . 



The data of the present paper indicate a tidal interaction via the 
concentration of blue color in the western part of the I Zw 1 host 
galaxy, i.e. the part which is adjacent to the western source. This 
leads to the speculation that an ongoing tidal interaction might 
manifest itself by enhanced star formation activity in those re- 
gions of the I Zw 1 host which are facing the western source. 
Merger-enhanced star formation in the spiral host of I Zw 1 is 
not unexpected, regarding that the host is suggested to be rich 
in gas. Based on CO observations. ISchinnerer et al J (1 19981) esti- 
mate a total molecular gas mass of about 8x10^ Al© to 10^" Mq. 
Furthermore, enhanced star formation activity has previously 
been fo und in the nuclear region and in the north-w'estern spi- 
ral arm (ISchinnerer et alJll998tlCanaUzo & Stocktonll2001h . 



4.2. Nature of the Western Source 

As discussed in Sections U!2l and l373l the western source does not 
show any signs for recent star formation. This lack of recent star 
formation in the western source does not contradict the scenario 
that the source is in an ongoing merger with I Zw 1 . It rather 
suggests that the companion galaxy does not have a sufficient 
gas reservoir to incite a starburst, as would be typical for a gas- 
poor dwarf elliptical. A less plausible alternative is the scenario 
of a tidal dwarf galaxy. Tidal dwarf galaxies are young dwarf 
galaxies formed out of the tidal debris of a recent major inter- 
action. They usu ally have a large gas content and young stellar 
populations (e.g. iDuc et al.l l2004). This is in contrast to what is 
observed for the companion of I Zw 1 . Furthermore, tidal dwarfs 
are typically born alon g the extended tida l tails formed during a 
major interaction (e.g. lBraine et al.ir2001h . As discussed before, 
a recent major interaction between I Zw 1 and a similar-sized 
galaxy is quite unlikely considering the regular spiral structure 
of the I Zw 1 host. The above reasoning cannot rule out the 
possibility that the western companion is an aged tidal dwarf 
galaxy, i.e. a dwarf galaxy of tidal origin. A tidal origin of dwarf 
spheroidals around the Milky Way or Andromeda has recently 
been suggested regarding that dwarf galaxies may appear as 
dwarf spheroidals after a Hubble time of evolution in th e dark 
matter halo of the primary galaxy (iMetz & Kroupall2007h . 



4.3. Nuclear Activity of I Zw 1 

As an infrared-excess Palomar Green QSO, I Zw 1 has been 
discussed as a possible QSO at a transition stage in the 
puta tive evolutionar y sequence from ULIRGs to QSOs (e.g. 
San ders et a D 119881: ISurace et al.l 120011: ICanaUzo & StocktonI 
According to this scenario the QSO activity in I Zw 1 
would be young. A young stage of the AGN in I Zw 1 is 
also suggested via a different line of argument: Similarities be- 
tween NLSls and broad-absorption line QSOs gave rise to the 
hypothesis that at least those NLSls with outflows could be 
counterparts of high-redshift , high-luminosity broad-absorption 
fine QSOs (e .g. |Leighly_eLal. 1997; Brandt & Gallagher 200(1 
lMathuiil2000l) . As one alternative, both classes of objects could 
be observed during a young phase of AGN evolution, char- 
acterized by smaller black hole masses and higher accretion 
rates (e.g.'Pounds et al."1995VMathui^2000l: lYuan & WiUsll2003l : 
Maiolino et al. 2004; Botte et al. 2004). In fact, I Zw 1 is a NLS 1 
whose similarity with broad-absorption line QSOs has previ- 
ously been noted. The strong optical Fe ii emission of I Zw 1, the 
weak [O iii] emission, the "red" UV continuum, and the strong 
infrared emission remi nd of low-ionization broad-absorption 
line QSOs (Laor et al.i Il997l) . Furthermore, the blueshifts of 
hi gh-excitation lines in the optical and NIR spectra, as reported 
bv lSchinnerer et al.l (ll998l) . IVeron-Cettv et al1(l2004 . and in the 
present paper, suggest an AGN-driven outflow. Although these 
arguments suggest a young stage of the AGN in I Zw 1, it can- 
not be excluded that the AGN might just appear young. 

Furthermore, it remains unclear which process is responsible 
for the nuclear activity in I Zw 1 and which part is assigned to the 
tidal interaction with the western companion galaxy. The con- 
clusions from minor- merger simulations bv iHernquist & MihosI 
(1995) suggest that the companion galaxy of I Zw 1 might still be 
too distant to be the cause of the AGN in I Zw 1 . The simulations 
rather indicate that a minor merger may induce central activity 
in the primary galaxy during the late stages of the merger, i.e. 
when the satellite gala xy has reached the central f ew kiloparsecs 
of the primary galaxy (IHernquist & Mihoslll995h . Disk star for- 
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Fig. 8. //-band (left panel) and /T-band (right panel) spectrum of the likely western companion galaxy, both extracted in 3"-wide 
apertures. The //-band spectrum is shown at a resolution of 36 A (~ 670 km s '), the /T-band spectrum at a resolution of 55 A 
(~ 770 km s"'). The solid curve shows the spectrum after correction with an AOV telluric spectrum from which the Brackett lines 
have been deblended. The overlaying thin curve shows the same spectrum corrected without previous deblending. Typical lines in 
this wavelength region are marked in the plot at a redshift of z = 0.0616, i.e. the redshift measured for the likely companion by 
ICanalizo & Stocktonl (l200ll) . The horizontal dashed markers indicate the wavelength regions contaminated with artificial hydrogen 
emission in consequence of the telluric correction with AOV standards. 




Fig. 9. //-band (left panel) and K-hand (right panel) spectrur n of the northern source, both extracted in 3"-wide apertures and 
compared to stellar templates (see labels) from the library bv iLancon & Rocca-Volmerangd (fl992). The ISAAC spectrum (solid 
curve) is derived from the telluric correction with an AOV spectrum with deplended Brackett lines. It is overlaid with the spectrum 
corrected without deblending (thin curve). The spectral resolutions are 36 A (~ 670 km s ') and 55 A (~ 770 km s ') in H and 
K, respectively. The library spectra have similar spectral resolutions. For the purpose of comparison with the ISAAC spectra, the 
available units of wavenumber (in cm"') versus arbitrary units of flux per unit frequency are converted into wavelength (in A) versus 
flux per unit wavelength. All spectra are normalized to a flux of 1 at 21 500 A and shifted along the flux-axis for this representation. 
Typical lines in this wavelength region are labeled. The lines identified in the ISAAC spectra are marked by a vertical dashed 
line. The horizontal dashed lines indicate the Balmer lines which artificially appear as emission lines in the ISAAC spectra as a 
consequence of the telluric correction via AOV stars. 



mation, on the contrary, may well be induced during the early 
stages of the merger. Thus, the disk star formation indicated by 
the blue colors in the western part of the I Zw 1 host galaxy 
might indeed be directly connected to the interaction with the 
western companion. The role of tidal interactions in the forma- 
tion of A GN in Seyfert galaxies is ge nerally controversial (see 
review bv lSchmittll2004l) . ICorbinI (12000) suggests that instead of 
triggering nuclear activity minor mergers might rather increase 



the existing AGN luminosity to QSO levels. It is possible that the 
previously existing Seyfert nucleus of I Zw 1 is raised to QSO 
luminosities by the increased AGN fueling rate due to the mi- 
nor merger with the western companion galaxy. The onset of the 
nuclear activity in I Zw 1 might instead be related to a merger- 
independent AGN triggering mechanism. A possible mechanism 
for merger-independent triggering of Se yfert activity could be 
the stochastic accretion model shown by iHopkins & HernquistI 
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( I2OO6I) . As discussed above, the AGN triggering by a previous 
strong merger event in the case of I Zw 1 is unlikely because of 
the clear spiral host galaxy. 

5. Summary 

1 . An ongoing tidal interaction between I Zw 1 and the western 
source is likely to be responsible for enhanced star formation 
activity in the western part of the I Zw 1 host galaxy. This 
is suggested by the concentration of blue color in the part 
of the I Zw 1 host galaxy which is adjacent to the western 
companion galaxy. 

2. In agreement with previous studies, the NIR spectra and 
the optical-to-NIR color images of the western companion 
galaxy indicate an old evolved stellar population without re- 
cent star formation. This suggests that the western compan- 
ion galaxy is a gas-poor dwarf elliptical. An extension to the 
west of the likely companion resolves into a separate object. 

3. The NIR spectra of the northern source reconfirm the sce- 
nario of a late-type foreground star, as reported by ISargentI 
11970) and Stockton ( 1982^ 

4. In agreement with lSchinnerer et alj (Il998l) . the hydrogen line 
ratios indicate no significant amount of reddening toward the 
very nucleus of I Zw 1. Out of the two blue s hifted high- 
excitation lines reported by ISchinnerer et al.l (Il998l) only 
[Si vi] is marginally detected. 

5. The outskirts of the bulge region of I Zw 1 have redder col- 
ors than the disk. This might be an indication for a predom- 
inance of old stars and/or an increased amount of dust in 
this region. At the low angular resolution, the color might 
altern atively be dominated by the NIR excess from the nu- 
cleus dSurace & Sanderslll999h . Higher angular resolution is 
needed for verifying the previous signs for young stel lar pop- 
ulations in the central region o f the bulge (.Schinnerer et alj 
[19981: [Scharwachter et atllMsh . 
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